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Abstract 

A decrease in the almost fifty percent mortality rate from oral cancer is needed urgently. Improvements in early diagnosis 
and more effective preventive treatments could affect such a decrease. Towards this end, we undertook for the first time an 
in-depth mass spectrometry-based quantitative shotgun proteomics study of non-invasively collected oral brush biopsies. 
Proteins isolated from brush biopsies from healthy normal tissue, oral premalignant lesion tissue (OPMLs), oral squamous 
cell carcinoma (OSCC) and matched control tissue were compared. In replicated proteomic datasets, the secretory leukocyte 
protease inhibitor (SLPI) protein stood out based on its decrease in abundance in both OPML and OSCC lesion tissues 
compared to healthy normal tissue. Western blotting in additional brushed biopsy samples confirmed a trend of gradual 
decreasing SLPI abundance between healthy normal and OPML tissue, with a larger decrease in OSCC lesion tissue. A similar 
SLPI decrease was observed in-vitro comparing model OPML and OSCC cell lines. In addition, exfoliated oral cells in patients' 
whole saliva showed a loss of SLPI correlated with oral cancer progression. These results, combined with proteomics data 
indicating a decrease in SLPI in matched healthy control tissue from OSCC patients compared to tissue from healthy normal 
tissue, suggested a systemic decrease of SLPI in oral cells correlated with oral cancer development. Finally, in-vitro 
experiments showed that treatment with SLPI significantly decreased NF-kB activity in an OPML cell line. The findings 
indicate anti-inflammatory activity in OPML, supporting a mechanistic role of SLPI in OSCC progression and suggesting its 
potential for preventative treatment of at-risk oral lesions. Collectively, our results show for the first time the potential for 
SLPI as a mechanism-based, non-invasive biomarker of oral cancer progression with potential in preventive treatment. 
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Introduction 

Unfortunately, the survival rate for people diagnosed with oral 
cancer, predominandy in the form of oral squamous cell 
carcinoma (OSCC), is only sUghdy better than 50% [1]. OSCC 
is preceded by the occurrence of an oral premalignant lesion, 
commonly leukoplakia, which transforms to invasive cancer in 5 % 
to 17% of the cases [2,3]. If diagnosed early, preventive treatments 
are more effective, increasing the survival rate to 80% or better[4]. 
Thus, there is a pressing need for better ways to diagnose and treat 
at-risk OPML and/or early-stage OSCC oral lesions [2]. 

Invasive incisional biopsy followed by histopathology is the 
current gold standard for oral cancer diagnosis [5] . Unfortunately, 
it has numerous limitations. The invasive and costiy nature leads 
to less frequent testing of suspicious lesions, and consequentiy, a 
delayed diagnosis of OSCC [6, 7]. One retrospective study found 
only about a 14% follow-up rate for scalpel biopsies within a 3 



year period [2]. Additionally, scalpel biopsy is prone to under- 
sampling of lesions [8,9], thereby leading to errors in diagnosis. 

Given these Hmitations of scalpel biopsy, much attention has 
been given to identifying molecular biomarkers indicative of 
disease in non-invasively collected patient samples [10]. One 
promising non-invasive sampling method is the use of brush 
biopsies [1 1,12]. Here, a relatively stiff brush is used to gently 
collect a sample of trans-epithelial cells directly from the oral 
lesion, or matched oral mucosa. This collection is simple and 
cheap, with minimal discomfort to the patient. Most importandy it 
provides a potentially information-rich sampling of cells direcdy 
from the lesion which can be further analyzed [1 1,12]. 

To develop non-invasively collected molecular biomarkers from 
brush biopsies, promising candidate molecules within these 
samples must first be identified. Large-scale technologies for 
molecular profiling (e.g. genomics, proteomics) can identify such 
candidates. In particular, analysis using mass spectrometry-based 
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proteomics could provide not only leads on actionable protein 
biomarkers from these samples, but also underlying knowledge of 
cancer progression mechanisms and possible targets for treatment. 
However, the proteomic analysis of oral brush biopsies via MS- 
based proteomics has seen limited attention[13,14], especially 
using the most contemporary technologies in the field. To date, no 
one has applied quantitative shotgun MS-based proteomics, 
arguably the most versatile and in-depth method for character- 
izing proteomes[I5], to oral brush biopsy analysis. 

In this study, we have* appli('d quantitative' shotgun MS-based 
proteomics to the analysis of brush biopsies collected from healthy 
normal tissues, OPML, and OSCC. Among a number of 
replicated proteins showing abundance differences, the secretory 
leukocyte protease inhibitor (SLPI) protein showed dramatic 
decrease relative to normal tissues correlated with the steps of 
oral cancer progression. This decreased abundance of SLPI was 
verified via western blotting in brush biopsy samples, and was also 
observed in exfoliated cells in whole saliva from OPML and 
OSCC patients. Consistent with patient results, model cell hnes of 
OPML and OSCC also showed a decrease in SLPI. Additionally, 
treating a model OPML cell line with SLPI showed an inhibition 
of NF-kB activity, a transcription factor known to play a role in 
inflammatory mechanisms underlying oral cancc'r (lc\'ci()])mcnt. 
Collectively, our results show for the first time a progressive loss of 
SLPI abundance in the transition from OPML to OSCC, and 
suggest a novel role for SLPI as a mechanism-linked, non-invasive 
biomarker of oral cancer, with potential as an OPML treatment 
agent. 

Materials and Methods 

Patients and Specimens 

The study was done with informed written consent of all sample 
donors using a human subject protocol approved by the 
Institutional Review Board at the University of Minnesota (IRB 
study number ()0()1M34501). All saliva collections were done 
without stimulation via passive drooling, during the day between 
the hours of 9:00 am and 5:00 pm. Whole saliva and brush 
biopsies were collected from 1 1 patients diagnosed with a 
dysplastic OPML and 1 1 patients with OSCC at the University 
of Minnesota Otolaryngology clinic. For each patient, saliva 
samples were first collected, followed by collection of the brush 
biopsies from the lesion and the healthy mucosa of corresponding 
contralateral area, using Rovers OrceUex brushes (Rovers Medical 
Devices B.V., Netherlands). Brush biopsies from oral mucosa, and 
whole saliva were also collected from 10 healthy volunteers. The 
healthy volunteers had no major risk factors for OSCC (non- 
smokers, moderate to low alcohol use) and were free of oral 
lesions. Immediately after collection, samples were stored at — 
20°C, and then transferred to — 70°C until use. Furthermore, 
information on tobacco and alcohol use of the patients was 
collected. The characteristics of the study population are 
summarized in Table SI. 

Cell Lines 

MSK Leukl cells [16], grown from buccal mucosa adjacent to 
oral leukoplakia lesions, were a gift from Dr. Peter Sacks, New 
York University. MSK Leukl cells were grown in KGM-2 
Medium (Lonza WalkersviUe, MD) supplemented with bovine 
pituitary extract, recombinant human epidermal growth factor, 
recombinant human insulin, hydrocortisone, epinephrine, and 
transferrin at 37°C in ,5% COg. 

Transformed human epidermal keratinocytes (Rhek) immortal- 
ized by Ad 12-SV40 virus[17] were obtained from Dr. Jhong S. 



Rhim at the National Cancer Institute, (Frederick, MD). The 
OSCC cell hne CA-9-22[18], was a gift from Toshio Kuroki, MD. 
Cells were maintained in Eagle's minimal essential medium 

supplemented with 10% fetal bovine serum, L-glutamine (5.8 mg/ 
ml), and penicillin/ streptomycin (50 |J,g/ml) at 37°C in 5% CO2 
as adherent monolayer cultures. 

Brushed Biopsy Sample Preparation 

For MS-based proteomic discovery studies and western blot 
validation studies, brush biopsy samples from subjects falling in the 
two groups were prepared identically. In order to maximize 
recovery of peptides and minimize sample handhng steps, we used 
an "on-brush" digestion method to produce a peptide solution for 
MS-based proteomics analysis (see Figure lA in Results section). 
The brush head was submerged and lysed in 50 mM tris pH 8.0 
with 2% SDS at 95 °C for 10 min with intermittent vortexing. 
Celltilar debris was removed by centrifuging at 16 100 xg and 
recovering the supernatant into a clean microfuge tube. Protein 
recovery was measured using the BCA assay (Thermo Scientific). 
The recovered proteins were then digested and processed for 
subsequent mass spectrometry analysis or used for western blot 
validation. 

Isobaric Peptide Tagging and Sample Preparation 

Proteins from brushed cells were reduced in DTT for 1 h at 
55°C and trypsin digested using a modified FASP protocol[19]. 
lodoacetamide was used as the cysteine alkylating reagent. The 
resulting peptides were desalted using solid-phase extraction 
cartridges (tC18 Sep-pak, Waters). Peptides were then dissolved 
in the manufadurer-supplied buffer and labeled with iTRAQ, 
reagent (Applied Biosystems) at room temperature for 1 h and 
desalted with Sep-Pak cartridges. 

Samples were next fractionated by off-line semipreparative 
HPLC. The combined, iTRAQ-labeled peptides were resus- 
pended in Buffer A (10 mM ammonium formate pH 10 in 98:2 
water:acetonitrile) and fractionated ofQine by high pH C18 
reversed-phase (RP) chromatography [20]. A MAGIC 2002 HPLC 
(Michrom BioResources, Inc., Auburn, CA) was used with a CIS 
Gemini-NX column, 150 mmx2 mm internal diameter, 5 um 
particle, 110 A pore size (Phenomenex, Torrence, CA). Buffer A 
was 10 mM ammonium formate, pH 10 in 98:2 water:acetonitrile 
and Buffer B was 10 mM ammonium formate, pH 10 in 10:90 
water:acetonitrile. The flow rate was 150 |J,l/min. with a gradient 
from 0-35% Buffer B over 60 min., followed by 35-60% over 
5 min. Fractions were collected every 2 minutes and UV 
absorbance was monitored at 215 nm and 280 nm. Peptide 
containing fractions were divided into two equal numbered 
groups, "early" and "late". The first "early" fraction was 
concatenated with the first "late" fraction, and so on. Concate- 
nated samples were dried in vacuo, resuspended in load solvent 
(98:2:0.01, water:acetonitrile:formic acid) prior to mass spectro- 
metric analysis. 

Mass Spectrometric Analysis 

A linear ion trap-Orbitrap (LTQ;Orbitrap) Velos instrument 
(Thermo Fisher Scientific) [21] was used for mass spectrometry. 
The instrument was operated in a top-ten data dependent mode 
employing surx^ey scans at 30,000 resolution from 300 to 1800 m/ 
z. Tandem MS (MS/MS) scans were acquired with an isolation 
width of 2 m/ z and higher energy coUisional dissociation (HCD) 
fragmentation mode. 40% normalized collision energy was used 
with a 20 millisecond duration. The automatic gain control 
settings were 3x10^ ions in the ion trap, and 1x10^ in the 
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Figure 1. A. Brush biopsy collection and sample preparation protocol. B. Experimental design for quantitative IVlS-based proteomics experiments. 
One experiment used matched tissue from OPML patients, while the second experiment used matched tissue from OSCC patients. 
doi:1 0.1 371 /journal.pone.0095389.g001 



Orbitrap. Dynamic exclusion was used witli duration of 15 sec- 
onds and a repeat count of 1. 

Protein Identification and Quantification 

Raw files were converted to mzXml using msconvert (distrib- 
uted as part of ProteoWizard 1.6.1260). MS/MS spectra were 
searched against the Uniprot human database including scram- 
bled sequences and common contaminant proteins (a total of 
136,002 entries) using Sequest v27.0. Search parameters included 
a 1.6 amu (atomic mass units) precursor and 0.8 amu fragment 
mass tolerance, 2 missed cleavages, partial trypsin specificity, fixed 
modifications of carbamidomethylated cysteine, ITRAQ, reagent 
modification at lysines and N-termini, and variable modification of 
methionine oxidation. Search results were filtered to 99% protein 
probability and 95% peptide probability in Scaffold (v3.3.1, 
Proteome Software), producing a false discovery rate of 1%. 
Proteins were quantified using customized software developed in- 
house[22]. Only proteins identified from two or more MS/MS 
spectra matched to peptides were considered for quantitative 
analysis. P-values were assigned to each protein quantified by 
three or more MS/MS spectra, as described[22]. Table S2 shows 
all information for proteins identified and quantified in these 
experiments. 

Western Blotting Experiments 

For western blotting experiments, an independent set of samples 
was used due to lack of sample material from the initial sample set 
used in MS-based proteomic experiments. Thirty micrograms (ug) 
of brush biopsy protein from each individual subject analyzed in 
validation experiments, or fifty ug of protein from cell lysates of 
cell lines, along with thirty ug of positive control protein, were 
separated by 12% SDS-PAGE. Proteins were then transferred to a 
PVDF membrane (MiUipore), and probed with polyclonal rabbit 



anti-SLPI antibody (1:250; Abeam ab46763). The blots were 
labeled with horseradish peroxidase-conjugated secondary anti- 
bodies (1:10,000) and visualized with an ECL detection system 
(Thermo Scientific). 

In the case of whole saliva, unstimulated samples were collected 
from an independent set of subjects (4 healthy volunteers, 5 
patients with OPML and 5 patients with primary OSCC). Whole 
saliva was centrifuged at 3000 xg at 4°C, the supernatant 
containing the soluble fraction of saliva proteins was collected, 
and the cell pellets washed with PBS and lysed to obtain cellular 
proteins. Total protein was quantified using the BCA assay 
(Thermo Pierce). 

Reporter Gene Assays 

The cell lines were plated at 50,000 ceUs/weU in 12 well plates 
and transientiy co-transfected via TransIT Express Reagent 
(MirusBio, Madison, WI) with a pIgKB-Luc reporter gene plasmid 
24 hours later along with a pCMV Lac-Z reporter containing the 
CMV promoter and Lac-Z gene in pcDNA3 to adjust for 
transfection efficiency. The pIgKB-Luc reporter construct contains 
three immunoglobulin G-K chain NF-kB binding sites driving the 
luciferase gene and was kindly provided to us by Dr. K. Brown 
(NIAID, NIH). After overnight transfection, cells were treated with 
recombinant human SLPI (R&D systems, Minneapolis, MN). Cell 
lysates were analyzed via Tropix Dual Light Reporter Gene Assay 
(Applied Biosystems, Carlsbad, CA) on a Tristar dual injection 
flash luminometer (Berthold Technologies, Oak Ridge, TN). Nine 
rephcates were measured per data point. 
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Table 1. Differentially abundant proteins in OPML and OSCC lesion tissues compared to healthy control tissues. 





Symbol 


Protein name 


OPML 2» 


OPML 1* 


OSCC 2* 


OSCC 1* 


ATP5A1 


ATP synthase, H+ transporting, mitochondrial F1 complex, alpha subunit 1, cardiac muscle 


1.506 


1.575 






CSTA 


cystatin A (stefin A) 


3.166 


1.966 


-1.525 


-9.198 


IGHA2 


immunoglobulin heavy constant alpha 2 (A2m marker) 


1.967 


2.180 






IGJ 


immunoglobulin J polypeptide, linker protein for immunoglobulin alpha and mu polypeptides 


2.572 


1.861 






JUP 


junction plakoglobin 


-1.569 


-2.825 






KRT3 


keratin 3 


-2.415 


-7.325 






KRT14 


keratin 14 


-2.131 


-3.223 






KRT16 


keratin 15 


-2.149 


-2.501 






KRT36 


keratin 36 


-1.780 


-4.255 


-1.896 


-16.155 


KRT76 


keratin 76 


-2.620 


-5.663 






KRT80 


keratin 80 


-1.519 


-4.345 






KRT84 


keratin 84 


-2.085 


-6.578 






KRT6A 


keratin 6A 


-1.501 


-3.890 






POP IB 


premature ovarian failure, IB 


-2.137 


-3.060 






PPIA 


peptidylprolyl isomerase A (cyclophilin A) 


-1.517 


- 1 .800 






PRB1/PRB3 


proline-rich protein BstNl subfamily 1 


2.043 


1.782 






RPL15 


ribosomal protein LI 5 


-1.572 


- 1 .989 






RPTN 


repetin 


- 1 .880 


-7.139 






SLPI 


secretory leukocyte peptidase inhibitor 


-33.717 


-5.259 


-34.577 


-14.813 


SMR3B 


submaxillary gland androgen regulated protein 3B 


3.180 


3.215 






WDRl 


WD repeat domain 1 


1.734 


2.579 






ANXAl 


annexin Al 






-1.575 


-3.171 


ANXA2 


annexin A2 






- 1 .570 


-2.671 


EPS8L1 


EPSS-like 1 






- 1 .704 


-8.073 


FLG 


filaggrin 






- 1 .575 


-12.127 


HBB 


hemoglobin, beta 


- 


- 


1.689 


2.428 


IL36A 


interleukin 36, alpha 






- 1 .703 


-31.421 


KRT9 


keratin 9 






-1.511 


-15.191 


RPS23 


ribosomal protein S23 






1.557 


1.789 


SERPINAl 


serpin peptidase inhibitor, clade A {alpha-1 antiproteinase, antitrypsin), member 1 






1.628 


2.638 


SPINK5 


serine peptidase inhibitor, Kazal type 5 






-1.579 


-12.235 


SPRR1B 


small proline-rich protein IB 






-1.719 


- 1 9.939 


TRIM29 


tripartite motif containing 29 






1.509 


1.629 



*fold-change for each OPIVIL or OSCC tissue replicate compared to healthy normal tissue. 
doi:1 0.1 371 /journal.pone.0095389.t001 



Results 

Profiling Oral Cancer Progression-associated Protein 
Dynamics via MS-based Quantitative Proteomics 

Two rounds of quantitative MS-based proteomics were 
employed (Figure IB), using isobaric peptide labeling with the 
iTRAQ^ reagent [2 3] to analyze soluble proteins isolated from 
whole cell lysates from oral brush biopsy samples. The first 
compared separate protein mixtures pooled from two OPML 
tissues, two matched OPML control tissues, two OSCC tissues and 
two healthy normal tissues. The second compared separate protein 
mixtures pooled from four OPML tissues, four OSCC tissues, four 
matched OSCC control tissues and four healthy normal tissues. 
The sample design was determined primarily by availability of 
clinical samples, the amount of protein available from each brush 
biopsy and our goal to compare all different types of tissues 
available. A total of 643 and 1164 proteins were identified and 



quantified, for the first and second iTRAQ, analysis and 
respectively. The increased number of proteins identified in the 
second analysis was most likely due to increased total protein due 
to pooling of more patient samples compared to the first analysis. 
Table S2 shows information on all proteins identified and 
quantified in these experiments. 

To prioritize proteins for subsequent validation experiments, we 
looked at abundance changes for OPML or OSCC tissues 
compared to the healthy normal control tissues in each iTRAQ, 
experiment. We further constrained these results by looking for 
only those proteins that showed consistent relative abundance 
differences in both iTRAQ, experiments. A total of 21 and 15 
proteins met these criteria for OPML and OSCC tissues, 
respectively (Table 1). Despite the recognized phenomena of 
abundance ratio compression due to precursor interference in 
isobaric peptide tagging-based studies[24,25], we observed a 
number of rather large relative abundance changes (> 2-fold) in 



PLOS ONE I www.plosone.org 



4 



April 2014 I Volume 9 | Issue 4 | e95389 



Proteomic Analysis of Oral Brush Biopsies 




□ OSCC healthy matched 

tissue 
■ OSCC lesion tissue 



i -5 

o 
c 

1-10 



S -20 



■S-25 



-30 



Figure 2. Average SLPI relative abundance levels relative to 
healthy normal tissue in OSCC matched healthy tissue and 
OSCC lesion tissue. 

doi:1 0.1 371 /journal.pone.0095389.g002 

our study. Interestingly, only three of these proteins showed 
abundance changes in both tissue types (OPML and OSCC) 
compared to healthy normal (bold text in Table 1). 

Of those proteins shown in Table 1 , the Secretory Leukocyte 
Protease Inhibitor (SLPI), stood out based on its large decrease in 
both OPML and OSCC tissues when compared to healthy 
normals (19.5 and 12.4 average abundance decrease for OPML 
and OSCC tissues, respectively). Based on these findings, and the 
known role of SLPI as a protease inhibitor with connections to oral 
cancer[26], we chose to further validate and investigate this 
protein. To this end we first further interrogated the quantitative 
proteomics data on SLPI. Of note were the results from the second 
iTRAQ^ experiment which included the matched OSCC healthy 
control tissue. The results showed that not only was SLPI 
decreased in the OSCC lesion tissue compared to healthy 
normals, but also it was decreased in the matched healthy tissue 
compared to the healthy normal tissues (Figure 2). A relatively 
small decrease was also observed in the fu-st iTRAQ^ experiment 
between matched tissue from OPML patients and healthy normal 
tissues (Table S2). 
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Figure 3. Western blotting results against SLPI. A. Verification of 
decreased SLPI in tissues collected by brush biopsy. B. SLPI abundance 
levels measured in exfoliated cells from whole saliva. C. SLPI abundance 
levels measured in model cell lines. Positive control is a normal healthy 
human saliva sample; Rhek cells are from a normal epithelial cell line, 
IVISK is a model OPML cell line (IVISK-Leuki ) and CA9-22 is a model OSCC 
cell line. 

doi:1 0.1 371 /journal.pone.0095389.g003 



Validating Cancer Progression-dependent SLPI 
Abundance Dynamics in Independent Samples 

In order to validate the obsei-ved abundance decrease of SLPI in 
both OPML and OSCC tissues, we first pursued semi-quantitative 
western blotting experiments in additional brush biopsy samples. 
As shown in Figure 3A, the western blots confirmed the MS- 
based results, as SLPI abundance showed a gradual decrease 
between healthy normal tissue and OPML tissue, with a more 
dramatic decrease in OSCC tissues. Figure SI shows loading 
control results via total protein staining of membranes used for 
results shown in Figure 3. Additionally, we collected un-stimulated 
whole saliva samples from the same patients who consented to 
brush biopsies. We isolated the exfoliated cells in these samples via 
centrifugation and probed the isolated proteins for SLPI after cell 
lysis. The results showed a similar trend in abundance decrease of 
SLPI between healthy normal tissues and both OPML and OSCC 
tissues (Figure 3B). Analysis of the soluble proteins contained in 
saliva supernatants showed a less consistent trend (data not 
shown). 

We also tested abundance of SLPI protein in model OPML and 
OSCC cell lines (Figure 3C). Here, we chose to compare soluble 
proteins isolated from whole cell lysates from control RHEK cells, 
MSK-leukl cells (a model cell line of OPML[27]) and Ca9-22 cells 
(a model cell line of OSCC [28]). Similar to the results from the 
patient brush biopsies, we observed a dramatic decrease in SLPI in 
the MSK-leukl and Ca9-22 cell lines compared to healthy control 
cells. 

Testing Potential Anti-inflammatory Effects of SLPI 
Treatment on OPMLs 

The role of NF-kB activation and regulation of pro-inflamma- 
tory factors in the mechanism underlying transition from OPML 
to OSCC is well-laiown[29,30,31]. Evidence exists showing that 
SLPI inhibits NF-kB[32,33], although this has not been demon- 
strated in models of oral cancer. Given this evidence, we sought to 
investigate whether or not SLPI decreases NF-kB activity in MSK- 
Leukl cells, using a luciferase-based reporter assay[34]. We 
treated the transfected MSK Leukl cells with two different 
concentrations of pure SLPI peptide (20 ug/ mL and 40 ug/ mL), 
and measured NF-kB at difierent times after treatment (Figure 4). 
Results for both treatments were comparable, with both showing 
approximately a 40% drop in NF-kB after 24 hours of SLPI 
treatment. Treatment with a lower amount of SLPI ( 1 0 ug/ mL) 
exhibited a smaller and less reliable decrease in NF-kB activity 
(data not shown). 

Discussion 

We have conducted a first-of-its-kind, in-depth quantitative 
shotgun proteomics analysis of non-invasively collected oral brush 
biopsy samples, seeking to identify protein abundance changes 
associated with oral cancer progression. Brush biopsies are well- 
known for their value as a non-invasively collected cellular sample 
for oral cancer diagnostic applications [1 1,12]. However, MS- 
based proteomic studies taking advantage of these potentially 
information-rich samples have been limited. Notably, Driemel et 
al[13] used surface-enhanced laser desorption/ionization (SEED I) 
MS to quantitatively profile brush biopsy samples and identify 
potential biomarkers of progression. Remmerbach et al[14] used 
more standard MALDI-MS to analyze proteins isolated from 
brush biopsies as well. Although these studies had some success, 
the use of a SELDI or MALDI-based methods on complex 
mbcture is limited to a subset of relatively small proteins and/ or 
peptides in the samples of interest. 
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Figure 4. Effect of SLPI peptide treatment on NF-kB activity in an MSK-Leuk1 cell line at two different doses. Fold-change of an NF-kB 

reporter gene assay relative to vehicle control is plotted at different time points after treatment. 

doi:10.1371/journal.pone.0095389.g004 



MS-based shotgun proteomics on the other hand offers an 
expanded view of brush biopsy proteomes, given its ability to 
identify and quantify proteins of all molecular weight classes [15]. 
Our study provides the first demonstration of shotgun proteomics 
applied to oral brush biopsy samples. One question at the outset of 
this study was whether cells collected via brush biopsy would 
provide ample total protein for a large-scale proteomic analysis. 
We found that an on-brush cell lysis method provided better yield 
(at least tens of micrograms of total protein) than attempting to 
wash cells free of the brush prior to lysis (data not shown). Our 
findings should open the way for additional shotgxm proteomic 
analyses of brush biopsies for characterizing oral lesions in 
different contexts. 

Our replicate analyses comparing healthy normal tissue to 
OPML and OSCC tissue, as well as matched controls, revealed a 
number of interesting proteins showing changes in abundance. 
Although other candidates worthy of further validation were 
identified, we chose to focus on SLPI, given its large and 
reproducible decrease in abundance in both OPML and OSCC 
tissues when compared to healthy normal tissue. Researchers have 
traditionally acknowledged the role of SLPI in inhibiting serine 
proteases; however, knowledge of its functions have continued to 
expand to include antimicrobial, immunity and anti-inflammation 
roles[35]. SLPI's role in oral cancer progression is less known, 
however, recent results in biopsied tissue shoes demonstrated a 
decrease in SLPI in OSCC tissues compared to healthy, as well as 
a potential role in inhibiting invasiveness [26]. 

Our study has revealed several new findings about SLPPs 
possible role in oral cancer. For one, our results are the first to 
demonstrate a significant drop in SLPI in non-invasively collected 
oral brush biopsy samples, as well as the cellular fraction of whole 
saliva. These findings are consistent with recent results showing a 
SLPI abundance decrease in OSCC tissue slices collected via 
traditional scalpel biopsy [26]. Importantly our study is the first to 
examine both OPML and OSCC tissues, demonstrating a 
progressive loss of SLPI in the pre-mahgnant state, followed by 
a more dramatic decrease OSCC. Our results suggest a potential 
role for SLPI as a non-invasively collected diagnostic or prognostic 
biomarker in either OPML or OSCC tissues - a significant finding- 
given the urgent need for simpler and cheaper tests for oral cancer 
that circumvent the drawbacks of scalpel biopsy[8,9] . 

Our results also suggest a mechanistic role for SLPI in oral 
cancer progression. Recent findings using in-vitro cell culture have 



suggested that SLPI inhibits the invasiveness of oral cancer 
cells [26]. Extending these findings, our results suggest a systemic 
decrease in SLPI, at least in oral epithelial cells, in patients 
susceptible to oral cancer development. This assertion was 
supported by about a 5-fold decrease in SLPI in matched healthy 
tissue compared to healthy normal controls, with a concordant 
decrease in its abundance in exfoliated cells in whole saliva. 
Determining the basis (e.g. genetic, epigenetic etc.) for this overall 
loss in SLPI abundance in patients developing OSCC will take 
more investigation. 

Our results demonstrating that SLPI inhibits NF-kB transcrip- 
tional activity in-vitro in OPML cells further supports its 
mechanistic role in oral cancer progression. Increased NF-kB 
transcriptional activity, activating expression of pro-inflammatory 
cytokines, is a well-known factor in OSCC develop- 
ment[29,30,31]. A decrease in SLPI abundance may, at least in 
part, be a contributing factor to pro-inflammatory state leading to 
OSCC. Others have shown a role for SLPI as an inhibitor of NF- 
kB activity, demonstrating that it may disrupt the signaling 
pathway leading the NF-kB activation [36] and/or possibly 
compete for binding to DNA at NF-kB regulatory sites [3 2]. Our 
study is the fu^st to show SLPI as an inhibitor of NF-kB in the 
context of oral cancer, specifically in a model OPML cell line. 
Understanding the exact mechanism of inhibition wiU take more 
investigation. Our observation opens the intriguing possibility of 
SLPI as a treatment option for at-risk OPML lesions, as such 
treatments are urgently needed to prevent development of invasive 
OSCC. SLPI offers possible advantages in such an application, as 
it is a small protein (approximately 1 1 kDa), known to be free of 
post-translational modifications, and shown to be taken up by cells 
readily [3 2]. 

Our findings generate a number of intriguing hypotheses for 
testing in the future. For one, the possibility of SLPI as a non- 
invasively collected diagnostic or prognostic biomarker could be 
tested in larger cohorts of OPML and OSCC patients. Its role as 
an inhibitor of NF-kB in OPML, with potential for preventive 
treatment could be tested and investigated in a number ways. 
Experiments examining the nature of inhibition, such as direct 
binding at NF-kB sites, and effects on gene and protein expression 
would be illuminating. Testing truncated versions of SLPI may 
also show increased inhibitoiy effects on NF-kB due to better 
cellular uptake and/ or DNA binding. On a final note of interest, 
recent evidence also suggests a role for SLPI in inhibiting human 
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papilloma virus (HPV') inicction and subsequent head and neck 
cancer development [3 7]. Investigation on effects of SLPI treat- 
ment to HPV+ cancer cells would be of keen interest. The findings 
we present here provide a starting point for such future 
investigations, which could solidify SLPI as a highly valuable 
protein in the diagnosis, prognosis and treatment of oral cancer. 

The mass spectrometry proteomics data have been deposited to 
the ProteomeXchange Consortium (http://proteomecentral. 
proteomexchange.org) via the PRIDE partner repository [38] 
with the dataset identifier PXD000807 and DOI 10.6019/ 
PXD000807. 

Supporting Information 

Figure SI Coommassie stained images of total protein load (A) 
brushed oral cellsfrom patients; (B) exfoUated ceUsfrom whole 
salivafrom patients; (C) Primary cells lines, including RhEK 

keratinocytes, MSK oral leukoplakia cells, and CA-9-22 oral 
cancer cells. These membranes were used for western blotting 
results shown in Figure 3 of text. 
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